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ABSTRACT
OXIDATION OF ISOBUTANE AND ISOBUTENE
REACTION PATHWAYS AND DETAILED MECHANISM
by
Chiung-Ju Chen
A reaction mechanism consisting of 248 elementary reactions and 138 species has been
developed to model experimental systems - decomposition of 2,2,3,3 tetramethylbutane in
the presence of oxygen and oxidation of isobutene. This elementary reaction mechanism
based on two important reaction systems: tert-butyl radical with 02 and allylic isobutenyl
radical with 02, plus their subsystems, such as isobutene + H0 2, isobutene + OH and
allylic isobutenylhydroxy + 02. Thermochemical kinetic parameters are developed for
each elementary reaction and a chemical activation kinetic analysis using quantum Rice-
Ramsperger-Kassel (QRRK) theory for k(E) and modified strong collision analysis for fall-
off is used to calculate k's as function of pressure and temperature. All reactions in the
mechanism incorporate reverse reaction rates calculated from thermodynamic parameters
and microscopic reversibility. Results show that several important equilibria are achieved
with product formation effected by slow (bleed) reaction out of the equilibrium system. In
tert-butyl radical with 02 system it shows a near 200 to 1 dominance of the isobutene +
H02 channel over formation of the 2,2-dimethyloxirane + OH at 60 torn. Rate constants
and detailed reaction paths for formation of important products: acetone, methacrolein,
and epoxides, and formation of five-member and the four-member cyclic intermediates are
determined in allylic isobutenyl radical with 0 2
 system. Predictions are in good
agreement with experimental data.
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CHAPTER 1
INTRODUCTION
Important initial products from pyrolysis, oxidation, or photochemical reactions of
saturated and unsaturated hydrocarbons are the corresponding radicals. The important
reactions of these alkyl radicals are combustion with molecular oxygen to form peroxy
adducts both energized (chemical activation) and stabilized. These reactions are complex
and difficult to study experimentally and present a source of controversy with regard to
both pathways and reaction rates. While these reactions comprise the principal reaction
pathways of the hydrocarbon radical conversion in most hydrocarbon oxidation,
combustion and atmospheric photochemistry; they are relatively slow and often a
bottleneck to over all hydrocarbon conversion.
In this study we performed detailed analysis of the thermodynamic prediction, reaction
paths and elementary chemical kinetic of reaction of tertiary butyl radical in an oxidizing
atmosphere under moderate to low temperature combustion condition. Tertiary butyl
radical comes from the homogeneous decomposition of 2,2,3,3 tetramethylbutane in
presence of 02 environment. We also studied reactions of isobutene and the allylic
isobutenyl radical under these same oxidation conditions. Comparisons of our modeling
with the limited experimental data is very good.
21.1 Methods
1.1.1 Thermodynamic Properties
The addition reactions and subsequent unimolecular isomerization or dissociation
reactions are first analyzed by construction of potential energy diagrams of the systems
based on existing experimental data, theoretical data and on group additivity estimation
techniques. Enthalpies of radicals are from evaluated literature on C-H bond energies and
AHf of the stable molecule which corresponds to the radical with a H atom at the radical
site. Entropies and Cp(T) values are from use of Hydrogen atom Bond Increments
method(HBI)[1].
1.1.2 Kinetic Modeling
Energized-complex/QRRK theory for k(E) and the modified strong collision theory of
Gilbert et al. for fall-off, as described by Dean [2], was used to model the addition of tent-
butyl radical to 02. Details on a number of important modifications to the initially
described CHEMACT code are given in ref [3]. The set of vibration frequencies required
for the calculations were obtained from the heat capacity data, using the method described
in ref [4]. Lennard-Jones parameters were obtained from tabulations [5] and from a
calculation method based on group additivity where groups representing transport
properties were developed [33]. Data were also taken from estimations based on molar
volumes and compressibility [34].
31.1.3 Quantum Rice-Ramsperger-Kassel (QFtRK) Analysis
Pre-exponential factors (Arrhenius A factors) in the high pressure limits, are obtained from
the literature or are estimated from generic reactions (addition and combination), and from
Transition State Theory for isomerization. Activation energies are adopted from literature
or estimated from endothermicity of reaction All= coupled with analogy to similar
reactions with known Ea. The input parameters are important and are referenced in the
tables associated with each calculation.
1.2 Experimental Data and Reactor Modeling
We use two experimental data sets that were published by Walker et al. [6,7] for
decomposition of 2,2,3,3-tetramethylbutane in presence of oxygen and oxidation of
isobutene. These two experimental systems were carried out in Pyrex vessels freshly
coated with potassium chloride then conditioned at 500°C and 60 torr and in aged boric-
acid-coated Pyrex vessels which were conditioned at 470°C and 60 ton, respectively.
In previous studies [8,9,10], Walker showed the TM13 + 0 2
 => isobutene + H0 2 reaction
gives higher rate constants in KC1-coated vessels than in aged boric acid-coated vessels at
temperatures greater than 450°C. He postulated that H02 and H202 radicals are
efficiently destroyed at the KC1-coated vessel surface at these temperatures. The basic
mechanism involves the overall reactions listed in (1)-(4) (converted to more stable
molecules).
4(CH3)3C—C(CH3) 3 —> 2t—C4H9
t—C4H9 + 02 --> i-C4H8 + H02
surface
H02
	 1/2 H20 + 3/4 02
surface
H202 	 H20 + 1/2 02
For reactor modeling, two dummy molecular, X and Y, and four one way dummy
reactions are added to our mechanism to simulate the surface effect in KCI-coated reactor.
CHAPTER 2
IMPORTANT REACTION SYSTEMS
SYSTEM I : C3C- (tert-Butyl Radical) + 02
2.1. Overview
Several recent studies show that the reactions of ethyl and isopropyl radicals with oxygen,
over pressures from 1 to 6000 torn and temperatures from 300 to 900 K, exhibit a
significant negative pressure dependence. The ethyl reaction is the most studied and is
shown to produce C2114 + H02; but at a relatively slow rate. The rate of ethyl radical loss
decreases significantly with temperature and increases with pressure as expected for the
accepted pathway: reversible formation of an adduct. The adduct, C211500- (CC00-)
radical, is readily stabilized at low temperatures and moderate pressures, but dissociates
back to reactants more rapidly at higher temperatures [11,12], with a relatively slow bleed
reaction to the ethylene + H0 2 products. The observed pressure and temperature
dependence for the olefin formation is not, however, consistent with a direct hydrogen
transfer mechanism, that has often been invoked in by combustion modelers [13,14].
The C2H5 + 02 reaction serves as an important reference in this study. It has been
experimentally studied by Gutman et al. [11,15], Kaiser et al. [16], Piling et al.[17]. The
ethyl system has been analyzed by Bozzelli and Dean using quantum RRK theory and by
Wagner et al. [18] using variational RRK/v1 theory for ethylene production and ethyl
radical loss at pressures and temperatures relevant to the experimental data of Gutman's
group [11,15]. These analyses postulate the formation of a chemically activated adduct,
which can react directly through a cyclic five-member ring intermediate to a primary
5
6hydroperoxy alkyl radical (H shift) and then react to C2H4 + HO 2, cyclic epoxide + OH or
be stabilized to CCOO- The formation of epoxide + OH in the ethyl system is analyzed by
Bozzelli and Dean to be limited by a lower Arrhenius A factor due to the tight transition
state and a slightly higher barrier, relative to C 2H4 + HO2 . The activation energy for the
C•COOH reaction to C2H4 + H02 was also reported as AHrxn + 8 kcal/mole. This is,
however, in disagreement with the value of AHrxn + 17 kcal/mole (to olefin + HO 2),
reported by Baldwin et al. [19], and the range of 12.7 - 14.1 kcal/mole of Gulati et al. [20]
for longer chain olefins, where data are based on overall observations of oxirane
formation.
In this section, the reactions of tert-butyl radical with molecular oxygen to form the
energized adduct, C3C00•*, its isomerization to C3•COOH and the dissociation reactions
of both adducts including reverse and on C2C*C+ H0 2 and 2,2-dimethyloxirane + OH
formation are analyzed. We utilize a chemical activation kinetic treatment incorporating
quantum Rice-Ramsperger-Kassel (QRRK) theory for k(E) and modified strong collision
formalism of Gilbert et al. [21] for fall-off on the energized adduct and multi-channel
unimolecular Quantum RRK for dissociations of the stabilized adducts, temperature and
pressure ranges include 300 to 2000 K and 0.001 to 1.5 atm respectively, nitrogen bath
gas. Absolute rate constants for the subsystem mechanism of isobutene + HO2, allylic
isobutenyl radical + HO2, isobutene + OH and following react with 02, C3-CCC3 + 02,
tert-butyl radical + HO2, tert-butyl radical + C3C00• and isobutene + C3C00• are
derived and validated in this study. Reaction path analysis, reaction barriers, Arrhenius A
factors, and energy depth of each reaction step have been calculated. Calculations for loss
7of tert-butyl precursor, 2,2,3,3-tetramethylbutane, production of isobutene and 2,2-
dimethyloxirane show good agreement with experimental data of Walker et al. [7].
2.2 Subsystems
2.2.1. Formation of tert-Butyl Radical (C3C-)
The tert-butyl radical was generated by the homogeneous decomposition of 2,2,3,3
tetramethylbutane in presence of 0 2 environment. Previous studies [1] of the oxidation
C3CCC3 in KC1-coated vessel have shown that homolysis of the central C-C bond (1)
completely dominates over alternative initiation reactions, which include other C-C
scission reactions, C-H scissions and abstraction of a primary H atom by 02, even in the
presence of high pressure of 0 2. The relative ratio of C3 C---CC3 bond cleavage to H
abstraction by 02 is –3000 at 500 ° C at an 02 pressure of 100 torn [7]. Here ethane is
reasonably assumed for 2,2,3,3-tetramethylbutane in reaction RH + 0 2 -----> R. + H02,
because the C-H bond energies for these two species ethane and of 2,2,3,3
tetramethylbutane are equal.
(CH3)3 C-C(CH3)3 + 02 —>(CH3)3C-C(CH3)2C.H2 + H02
	
(0)
(CH3)3 C-C(CH3)3	 2 t-C4H9	 (1)
We use the Arrhenius rate parameters Al= 6.0 x 10 16 S -1 , E1 69.44kcal/mole for C3C--
-CC3 fission which is obtained from analysis of both Tsang's [22] and Walker's results
[6].
82.2.2. Unimolecule Decay tert-Butyl Radical (C3C•)
The potential energy diagram for unimolecule reaction: C3C- C2C*C + H is illustrated
in Figure B.5. Table A.3 lists the input data for QRRK calculation. This unimolecule
reaction has high pressure limit A., factor is 8.3 x 10 13 S -1 , Ea = 38.154 kcal / mole,
following the recommendation of Tsang et al. [23].
The apparent rate constant for the reaction of tert-butyl radical isobutene + H is
calculated using unimolecular QRRK. The rate constants k=ATnexp(-Ea/RT) in Table A.2
is obtained by fitting the rate constants in the temperature range from 500K to 900K.
Analysis show this reaction is important, although it is relatively slow path. This reaction
slow the decay of tert-butyl radical.
2.2.3. tert-Butyl Radical (C3C•) + 02
The energy level diagram and input parameters for the chemical activation calculations of
the reaction of tert-butyl radical + 02 are shown in Figure B.6 and Table A.4 respectively.
Parameters in Table A.4 are referenced to the ground (stabilized) level of the complex, as
this is the formalism used in QRRK theory. The tert-butyl radical combines with 0 2 to
form the chemically activated C3C00•* adduct. The major reaction channels of
C3C00•* include dissociation back to reactants (k-1) stabilization to C3C00• (ks) and
intermolecular isomerization -- through a 5 member ring Translation State to C3•COOH*
(k3). The C3•COOH* can undergo beta-scission to C2C*C + H0 2 (k4), cyclize to
C2CYC20 + OH (k5), be stabilized to CICOOH (ks) or isomerize back to C3C00-*
(k3). Reaction of C3C00•* adduct to C3C0• + 0 (k2) is included for completeness.
9An overall analysis of the reaction system indicates:
- the initial well depth is 35 kcal/mole with a reasonable high A factor for reverse reaction
of 3.24E+15 s-1 , i.e. a moderately high A - loose transition state;
- isomerization has a barrier of 27.4 kcal/mole, lower than reverse reaction from the
stabilized adduct but also has a tight transition state, lower A of 6.87E+9 s -1 ;
- decomposition to isobutene + HO2 has a A of 5.47E+12 s-1 , which is higher than reverse
isomerization 8.36E+7 s -1, or cyclic ether formation 4.66E+11 s -1 . Dissociation to
isobutene + H02 also has a higher Ea 18.24 kcal/mole, than reverse isomerization 14.5
kcal/mole; but lower than that for cyclic ether formation 22.5 kcal/mole.
- in addition, isobutene + H02 are both relatively stable compared to OH from the 2,2-
dimethyloxirane formation channel. The C3C• + 02 reaction achieves a pseudo
equilibrium with adducts and isobutene + HO 2 products, and the loss of isobutene is
controlled by other, slower reactions, such as loss through the 2,2-dimethyloxirane + OH
channel or H0 2 adduction to isobutene, then further reaction of this new HO 2
 adduct with
02.
- the high reactivity of OH combined with a very low A-5 for and high Ea.. 5 effectively
prohibit the reverse direction of the 2,2-dimethyloxirane + OH channel.
Figures B.7 and B.8 illustrate the predicated effect of temperature at 760 torr and 60 torr
on C3C• + 0 2 reactions. The data illustrate that at the low pressure and high temperature
more of the complex reacts to C2C*C• + H02 than is stabilized. At lower temperatures
energized adduct stabilization is an important channel.
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The predicted effects of pressure on apparent rate constants are illustrated in Figure B.9
and Figure B.10 for temperatures of 300 and 1200 K. At 300 K, stabilization of the
complex, C3C00•, is the dominant reaction channel above 0.001 atm. At 1200 K
dissociation of complex to reactants, reverse reaction, is the primary reaction of the
energized adduct below 1.5 atm.
The 22.5 kcal/mole barrier for the 2,2-dimethyloxirane + OH radical channel results in —
0.5% yield of 2,2-dimethyloxirane in the modeling prediction. This is consistent with data
of Walker et al., who report —1%. The reaction system (below) is in equilibrium under the
experimental conditions modeled, a continuous slow reaction, bleed, from the alkyl
hydroperoxide adduct to the 2,2-dimethyloxirane is the primary loss channel.
tert-Butyl + 0 2 < > Peroxy < > Alkyl hydroperoxide < > Isobutene + H02
2,2-dimethyloxirane + OH
The rate of tert-butyl radical loss increases with deceased temperature and increased
pressure as expected for reversible formation of the tert-butyl peroxy adduct. A
significant fraction of this adduct, C3C00-, dissociates back to reactants at high
temperature. This is a result of the high A for reverse reaction relative to the tight TST of
isomerization where the reaction barrier are similar. The rate constants to stabilization,
C2C*C + H02 and 2,2-dimethyloxirane + OH channel decrease with increased
temperature and deceased pressure. The decreases are due to the higher rate for
dissociation of C3C00• back to C3C• + 02. The large fraction of complex which
11
dissociates to reactants is controlled by the loose transition state -- high Arrhenius A
factor for this dissociation reaction.
The energized hydroperoxy radical C3•COOH*, if formed, dissociates to C2C*C + HO 2
almost completely at low pressures due to the high A factor and relatively low barrier for
this beta scission channel, relative to reverse isomerization. At higher pressures larger
fractions of C3•COOH can be stabilized, and pressure, therefore, amplifies the importance
of subsequent reactions of this alkyl radical with 02.
We determine the barrier to 2,2-dimethyloxirane + OH formation from the hydroperoxy-
alkyl radical to be ca. 22.5 kcal/mole. This combined with an Arrhenius A factor 5.0E11
(tight transition state) yields a near 200 to 1 dominance of the isobutene + H0 2 formation
over that of 2,2-dimethyloxirane + OH at the 60 ton, 773 K conditions of Walker et.
al.[6]. A pseudo equilibrium exists between C3C• + 0 2 and isobutene + HO 2, with loss of
species (C3C•, isobutene and intermediate adducts) controlled by slower reactions of the
reactants and C3•COOH adduct (isomer).
2.2.4 Isobutene (C2C*C) + HO 2
The subsystem mechanism of isobutene + HO 2. becomes very important as a result of the
high yield of isobutene and high concentration of HO2 in this mid temperature oxidation of
tert-butyl radical. The addition HO2 radicals to isobutene proceeds through the sequence
below
12
00H
I•
C-C-C
C
OOH
C=C-C + HC=C-C + H02 <->
C
,t C
OOH
/
C-C=C + H/
0
r
C-C-C + OH
C
OOH
I •
C-C-C 	 //
C
I
/
I /
/
/	 •,
I
00 •
c_c_c
C
The potential energy diagram for reaction of C2C*C + H0 2 is illustrated in Figure B.11
Table A.5 and A.6 list the input data for QRRK calculation. We used the high pressure
limit rate constants of C2C*C + H0 2 => [C2C.COOHr adduct to be (2.8x10 11 cm3/mole-
s)exp(-7.86 kcal mole-1/RT), in accord with Bozzelli and Dean determination in the
analogous reaction of H02 radical addition to C2H4. The barrier for reverse reactions
C2C•COOH adduct => C2C*C + H02 is 18.24 kcal/mole (dH+7.86) and the high
pressure limit rate constant is determined as (5.47x10 12s4)exp(-18.24 kcal mole -1/RT)
from <MR>.
The reaction channels of the stabilized C2C•COOH adduct includes dissociation back to
isobutene + H02, H atom abstraction to form strong carbonyl bond, CO,= cyclization to
form 2,2-dimethyloxirane product with OH radical and isomerization via five-member ring
hydrogen shift to form allylic isobutylperoxy radical with subsequent 0-scission to allylic
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isobutenyl radical with 02. The isomerization has the lowest barrier, 16.10 kcal/mole, and
it also has the lowest A factor of 8.23 x 10 10 54 . The H atom abstractions have high A
factor and high barrier which is due to the endothermicity. The barrier of epoxide
formation is 22.5 kcal/mole with a A factor of 4.66x10 11 s4 which result from the best fit
to experimental data in this study.
The apparent rate constants between 300-2000K at latm from the QRRK calculation are
illustrated in Figure B.12. The reported parameters of k=ATnexp(-Ea/RT) in Table A.2
for each reaction channel are obtained by fitting the rate constants in the temperature
range from 500K to 900K. The apparent rate constant for isobutene + HO 2
[C2C•COOH]* adducts is calculated to be 10 s.3
	at 743K. This value is near
the rate constant of isobutene + H02 in Baldwin and Walker's [24] study which is 2x10 8
cm3/mol-s. Figure B.12 illustrates that the stabilization of C2C•COOH adduct is the
dominant reaction channel at low temperature and high pressure. As pressure increases
and temperature decreases, an increasing fraction of the C2C•COOH is be stabilized. This
amplifies the importance of the subsequent reactions of C2C•COOH radical with 02
(discussed in section 3.3.1). An equilibrium exists between C2C*C + HO2 and
C2C•COOH. The secondary formation of 2,2-dimethyloxirane controlled by the slow
(bleed) reaction out of the equilibrium system.
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2.2.5 2,2-Dimethyloxirane (C2CYC2O) Formation
In the reaction of tert-butyl radical with 02, isobutene + HO2 are major initial products as:
tert-butyl + 0 2 <	 > C3 COO <	 > C3•COOH <	 > isobutene + HO2
The 2,2-dimethyloxirane is primary formed in a branch reaction where the C3•COOH
adduct reacts to the 2,2-dimethyloxirane with OH channel, while this is a radical to a
stable 2,2-dimethyloxirane + OH a radical it series as a branching reaction because the OH
is so reactive and the C3•COOH is in equilibrium with relative non reactive species. The
secondary formation of 2,2-dimethyloxirane involve the addition of HO 2 to the primary
isobutene product.
C2C*C + HO 2 --> C2C•COOH --> C2CYC2O + OH
A fraction of the 2,2-Dimethyloxirane is formed in other reactions which involve the
addition of C3 COO. to the primary isobutene product.
C2C*C + C3COO • _> C2C•COOCC3 ----> C2CYC2O + OH
There is relative to unimolecular reaction little loss of C2CYC2O through the abstraction
of H atom by radicals, such as OH, C2•C*C, C3COO, CH3, CH300•and C*CC• radical.
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C2CYC20 + OH - C2CYCa•0 + H2O
C2CYC20 + C2•C*C --> C2CYCC•0 + C2C*C
C2CYC20 + C*CC --> C2CYCC•0 + C*CC
C2CYC20 + CH3 C00. -> C2CYCC•0 + C3COOH
C2CYC20 + CH300• --> C2CYCC•0 + CH300H
C2CYC20 + CH3
 --> C2CYCC•0 + CH4
The C2CYCC•0 once formed will rapidly break one of the C-0 single bonds, releasing the
relatively high ring strain (three member ring) and forming a C=0 double bond.
Subsequent abstraction of a H atom to form methacrolein and dimethylketene products
occurs.
0
C-C-C. --• C-C-C4) 	 C=C-C4) + H
c
I 	
C
I
	
C-C=C=O H
C
2.2.6 Reactions Important to C2C*C Formation
Isobutene is both a major and a primary product in the decomposition of 2,2,3,3-
tetramethylbutane (TMB) in the presence of 02 in KC1-coated vessels. A analysis
confirms that it is formed in about 99.5% yield from t-C4H9 radicals with 02.
C3C• + 02 <--> C3C00•<	 > C3•COOH <	 > C2C*C + H02
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The unimolecule decomposition reaction of t-C4H9 radicals is relatively slow, and thus
isobutene formation by this path is slow. We use the high pressure limit rate constant for
C3C• --> C2C*C + H to be (1.0x10 130exp(-38.145kcal mole-1/RT)which from of Tsang
et al.[22J.
The isobutene is consumed by slower reactions, such H02 addition and then reaction to
2,2-dimethyloxirane + OH (discussed in 3.2.3).
C2C*C + H02 <	 > C2C•COOH <	 > C2CYC20 + OH
Isobutene is also consumed by addition with OH, reaction of this hydroxyl adduct with 02
(discuss in 2.2.8),
OH 	 HO 00 • 	 • 0 00H 	 00H
I 	 • 	 02 	 I 	 I 	 I 	 I
C=C-C + OH 	 C-C-C 	  C-C-C 	 C-C-C —+ CH2 0 + C-C-C
C 	 C 	 C 	 •
C-C-C + OH
I1
0
OH 	 .00 OH 	 1100 0 . 	 0
• 	 I 	 02 	 I 	 I 	 I 	 I 	 II
C-C=C + OH ---+ C-C-C ----■ C-C-C ---* C-C-C ____+. C-OOH + C-C-C
I 	 I 	 I
c
I
C 	 C 	 C 	 . 4-
CH2 0 + OH
and the abstraction of H atom by H02, OH, 0 2
 and CC•*C radicals attack. (discuses in
C2•C*C formation)
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C2C*C + H02 -4 C2•C*C + H202
C2C*C + OH C2•C*C + H20
C2C*C +
	 C2•C*C + HO2
C2C*C + CC•*C --> C2•C*C + C*CC
The C•C*C is one of important radicals in the system .It is relatively stable. Resonance, it
builds up and serves to abstract H atom from molecular species. The plot of isobutene
formation is shown in Figure B.3.
2.2.7 Loss of 2,2,3,3-Tetramethylbutane (C3CCC3)
The tert-butyl radical was generated by the homogeneous decomposition of 2,2,3,3
tetramethylbutane in presence of 02 environment.
(CH3)3C-C(C113) 3 --> 2t-C4119 	 (1)
C3CCC3 can also undergo the abstraction of H atom by H02, OH, C3C• and CC•*C
radicals.
C3CCC3 + H02 ---> C3•CCC3 + 11202
C3CCC3 + OH --> C3•CCC3 + H20
C3CCC3 + C3C•	 C3•CCC3 + C3C
C3CCC3 + CC.*C —> C3•CCC3 + C*CC
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C3•CCC3 radical subsequently undergoes a simple 3-session or further reacts with 02
The first reaction is more important.
C3-CCC3
	 C3C• + C2C*C
C•CCC3 + 02 	C3CCC3Q•	 C3CC2•CQ --> C3CC*C(C) •+ C•H200H
C3•CCC3Q	 C2C*C + C2C•COOH
OH will predominantly add to isobutene because of its relatively high concentration. The
adduct will then react with 0 2 . OH radicals add to isobutene at either the primary or
tertiary carbon atom, the resulting tertiary alkyl radical tends to be more stable than
primary species. We use the rate constant to be (2.7x 10 12 cm3 / mole-s)exp(-1.0 kcal
mole l/RT), assuming from analogous reaction of ethylene addition with OH.
In the presence of 02, the isobutene-OH adducts will react with oxygen to form
corresponding peroxy adducts and undergo further (as below).
The peroxy adducts undergo hydrogen transfer from OH to the peroxy group (forms
HOO) with a barrier 17.1 kcal/mole which is mostly due to its endothermicity, (the
cleavage of the CO--H bond requires ca. 104 kcal/mole, and the formation of the 00---H
bond returns only ca. 88 kcal/mole). The following steps are j3-scissions of the oxy
radicals to form strong carbonyl bonds, C=0, with subsequent rapidly decomposition to
final product: acetone, formaldehyde and OH radicals.
The potential energy diagram for reactions of C2C*C + OH and isobutene-OH + 02 are
illustrated in Figure B.14 and B.15. Input data for QRRK calculation is in Table A.8, A.9
and A.I0. The apparent rate constants over the range 500-2000K and latm obtained
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using QRRK calculation are illustrated in Figure B.13, B.16 and B.17. Rate constant
parameters: in the form of k=ATnexp(-EaIRT) for each reaction channel are obtained by
fitting the rate constants in the temperature range from 500K to 900K are in Table A.2.
The isobutene-OH stabilization channel is dominant below 1000K and above 0.1 atm due
to the deep well. The stabilized isobutene-OH adduct rapidly combines with 02, with the
well depth of isobutene-OH + 02 => isobutene-0H-00• of ca. 35 kcal/mole. The deep
well suggests there is sufficient for isomerization to the oxy radical, with subsequent
reaction to carbonyl (f3-scission). All products lower in energy than the initial reactants.
2.3 Other Reactions - Non Major Importance
2.3.1 tert-Butyl Radical (C3C-) + H0 2
The energy level diagram and input parameters for the chemical activation calculations of
the reaction of tert-butyl radical + H02 are shown in Figure B.18, B.19 and Table A.11,
A.12 respectively. Parameters in Table A.11 and A.12 are referenced to the ground
(stabilized) level of the complex, as this is the formalism used in QRRK theory. The tent-
butyl radical combines with H0 2 to form the chemically activated C3COOH* adduct. The
reaction channels of C3COOH* include dissociation back to reactants OW stabilization to
C3COOH (ks) and beta-scission to C3CO• + OH (k 2) which is lower in energy due to the
weak 0-0 bond. C3CO• + OH dominates because of the lower energy and high A factor.
C3CO• can further react to form acetone + CH3.
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k 1
	 2
C3C. +1102 	[C3C0011]*	 C3 CO. + OH
ks
C3COOH
The reaction C3C• + 1102 => C3CO• + OH is however not so importance, because C3C.
react rapidly with 02 which is much higher in concentration than H0 2. C3C• + 1102 will
also react to chain termination products C3C-H + 02 a disproportion reaction. We
include this subsystem for completeness.
Kinetic parameters in the form k=Arexp(-Ea/RT) are in Table A.2 for each reaction
channel represent the temperature range from 500K to 900K
2.3.2 tert-Butyl Radical (C3C•) + tert-Butylperoxy Radical (C3C00•)
The energy level diagram and input parameters for the chemical activation calculations of
the reaction of C3C00• + C3C• are shown in Figure B.20 and Table A.13 respectively.
The formation of C3 COO- adduct is the dominant reaction channel of tert-butyl radical +
02 system below 700K. C3C00• can combine with tert-butyl radical then cleave the weak
0---0 bond, to form C3CO• radical which is responsible for acetone production.
k 1
	 2
C3C00• + C3C•	 [C3COOCC3]* -> C3CO• + C3CO•
ks
C3 COOCC3
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Table A.2 lists the kinetic parameters in the form: k=ATnexp(-Ea/RT) for each reaction
channel representing rate constants in the temperature range from 500K to 900K.
2.3.3 Isobutene (C2C*C) + tert-Butylperoxy Radical (C3C00•)
The potential energy diagram for reaction of C2C*C + C3C00• is illustrated in Figure
B.21 Table A.14 lists the input data for QRRK calculation The parameters of
k=ATnexp(-Ea!RT) in Table A.2 for each reaction channel are obtained by fitting the rate
constants in the temperature range from 500K to 900K.
C2C*C + C3 COO. ----> C2C•COOTB
	 C2CYC20 + C3 CO.
2.3.4 2,2,3,3-Tetramethylbutane Radical (C3•CCC3) + 02
C3•CCC3 radical is formed in the abstraction of H atom from C3CCC3 by radicals, such
as H02 and OH. C3•CCC3 radical can undergo a simple J3-scission or it can further react
with 02. The simple f3-scission reaction is more important. The potential energy diagram
for reaction of C3•CCC3 with 0 2 is illustrated in Figure B.22. Table A.15 list the input
data for QRRK calculation.
C3•CCC3 ---> C3C• + C2C*C
C3•CCC3 + 0 2 -> [C3 CCC3 Q. j* --> [C3CCC•CQ]* ----> C*C(C)CC3 + C•H200H
C3CCC3Q•	 C3CCC•CQ
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Kinetic parameters k=Arexp(-Ea/RT) in Table A.2 for each reaction channel are obtained
for the temperature range 500K to 900K.
2.4 Summary of Results for tert-Butyl Radical (C3C-) + 02 System
Elementary reactions for tert-butyl radical + 02 reaction system are presented versus
temperature and pressure and show a near 200 to 1 dominance of the isobutene + H02
channel over formation of the 2,2-dimethyloxirane + OH at 60 torr. Results from the
mechanism are in good agreement with experimental data reported by Walker at. al. [6].
CHAPTER 3
IMPORTANT REACTION SYSTEMS
SYSTEM H: Allylic Isobutenyl Radical (C2-C*C) + 02
3.1 Overview
As indicated earlier studies[25], very little is known about the oxidation chemistry of allyl-
related radicals, despite their key role in both combustion and atmospheric chemistry.
These ally-related radical + 02 reactions comprise the reaction pathways for the formation
of oxygenated products such as carbonyls, epoxides and unsaturated alcohols which are
high value compounds of industrial importance.
The reaction of allyl radical (CH2CH=CH2) with molecular oxygen has been studied at
temperatures to 453 K by Pilling and co-workers [26,27] and by Slagle et al.[28], the
CH2=CH-C•H2
 + 02 CH2CHCH200. well depth was measured to be —18kcal/mole.
Pilling and co-workers also measured the rate of production of the adduct. At higher
temperature, 753K, Baldwin et al. [29] observed that the reaction of allyl with 0 2 to
produce CO was orders of magnitude slower than alkyl radical reactions with 0 2 . This
work was extended by Stothard et al.[30], who reported a rate constant of 1.6e11 exp(-
17.3 kcal/RT) cm3 mole -1 s -1
 for formation of a five-member cyclic peroxy intermediate
which then reacted further with 02. Slagle et al.[25] also reported the rate constant is
essentially constant throughout temperature between 296 and 600 K, k=4.50e12 cm 3
mole l s 4 . The only products observed are CH 3CHO + CHO.
The reaction of allyl radical with molecular oxygen also has been analyzed by Bozzelli and
Dean [31] using QRRK theory. The allyl radical combines with 02 to form the chemically
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activated C=CC00•* adduct. The reaction channels of C=CC00•* include dissociation
back to reactants, stabilization to C=CC00•, isomerization to form four or five-member
ring cyclic peroxides with subsequent 0-scission/stabilization, and 0-0 bond fission to
form C=CCC•+O• Their analysis indicates that the weak R-00 bond for allyl radical
significantly decreases the energy available for chemically actived reactions, resulting
substantially lower rate constants to new products than seen for alkyl reactions. Reverse
dissociation to ally! + 02 dominates reaction of the adduct.
In this work, we extend the analyses of allyl radicals with oxygen to allylic isobutenyl
radical with oxygen and attempted to use the experimental data, along with a QRRK
analysis incorporating generic rate constants, evaluated thermodynamic properties and
transition-state theory, to predict the reaction paths as a function of temperature and
pressure.
3.2 Subsystems
3.2.1. Formation of Allylic Isobutenyl Radical (C2•C*C)
The resonance stabilized allylic isobutenyl radical is formed by abstraction the weakly
bonded hydrogen atom from isobutene. The initiation reaction (7) is a key rate-
determining reaction in oxidation isobutene.
OHS = 39.6 kcal/moleC2C*C + 02 —> C2•C*C + H02 	 (7)
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Reaction between isobutene and oxygen is a highly endothermic process. We use the
Arrhenius parameters A 1=2.44 x 10 13 cm3 mole l s' l , E 1=40 kcal/mole which obtained by
comparison with analogous reactions of propene + 02 and the experimental data of
Walker et al.[7].
Conventional abstraction reactions (8), (9) and (10) also have significant contributions to
the allylic isobutenyl radical formation in oxidation systems.
C2C*C + OH	 C2•C*C + H20--- (8)
C2C*C + H02---> C2-C*C + H202 (9)
C2C*C + CC*•C-- C2•C*C + CC*C (10)
Reaction (8) and (9) have high pressure limit rate constant 6.24 x10 6T2exp(298/RT) and
1.928 x1041'16exp(-13910/RT), respectively, following the analogous reaction of C=C-C.
Reaction (10) is less important than reaction (8) and (9). Radical C-C•=C forms from
C=C(C)C0., which is formed from cleavage of the weak (ca. 44 kcallmole) 0-0 single
bond of C=C(C)COOH. The C=C(C)C0• undergoes /3 -scission forming C-C•=C radical
and CH2O. The C=C(C)COH is formed by reaction of the C=C(C)CO• abstracting H
from C2C*C, a thermalneutial reaction.
3.2.2 Allylic Isobutenyl Radical (C2•C*C) + 0 2
The energy level diagram and input parameters for the chemical activation calculations of
the reaction of allylic isobutenyl radical + 02 are shown in Figure B.23, B.24 and Table
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A.16 respectively. Parameters in Table A.16 are referenced to the ground (stabilized)
level of the complex, as this is the formalism used in QRRK theory. The allylic isobutenyl
radical undergoes addition with 0 2 to form the chemically activated C=C(C)C00-*
adduct. The reaction channels of the C=C(C)C00-* adduct include dissociation back to
reactants (k_ 1) stabilization to C=C(C)C00- radical (ks), isomerization via hydrogen shifts
with subsequent 13-scission or cyclization, to form four-member or five-member cyclic
peroxides. At high temperatures (above 1200K) the peroxy undergoes 0-0 bond fission
to form C=C(C)C0- + 0. Figure B.23 shows the isomerizations via H shifts and
C=C(C)CO. + 0 atom path, while isomerization pathways to form cyclic products are
shown in Figure B.24.
We estimate the high pressure limit rate constant for allylic isobutenyl radical + 02
C=C(C)C00- adduct to be 3.6 x 10 12 cm3 mole"' s" 1 . Because reverse reaction is so fast,
low energy dissociation barrier, the concentration of C=C(C)C00- is controlled by
equilibrium, not by formation rate. 	 The well depth allylic isobutenyl + 02
C=C(C)C00• (about 20.58 kcal/mole) puts the barrier for reaction to all of the channels.
at least 10 kcal/mole higher in energy than dissociation back to reactants. One exception
is the C=C(C•)COOH adduct which can be formed with low barrier (13 kcal/mole) but still
needs 6 kcal/mole in addition to 13 kcal/mole for isomerization for further reaction to
form methylene oxirane + OH radical. Equilibrium exists between the C=C(C)C00-,
C=C(C•)COOH and the initial reactants. The major reaction channel of the C=C(C)C00-
adduct is ,i.e., reaction back to allylic isobutenyl radical + 02. Other reaction pathways
that lead to major final products, acetone and methacrolein are the reactions of allylic
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isobutenyl radical with H02 or OH. All the reactions pathways of allylic isobutenyl radical
with 02 involve barriers, that are above the energy of the initial reactants and this is
because of the shallow well, which is a result of resonance. Alkyl radical reactions have
well depths of 32-36 kcaUmole and this provide more energy for further reaction to
products (chemical activation paths). This provides the reason why allylic isobutenyl
radicals show very low reactivity towards 02.
r rNr-ar-%n 	 A-4 - 	 -- 	 /1 1\ /1 •11 -- A 11•11
The first step of reaction paths (11) and (12) take place by intermolecular H transfer occur
via four and six-member cyclic intermediates, respectively. The H transfer step of reaction
path (11) has a higher A factor than that of reaction (12) but also has a very higher barrier
38.73 kcal/mole compared to reaction (13). This isomerization is the rate-determining
step for reaction (11) since the following step is 0-scission to form strong carbonyl bond,
C=0, which have lower barrier 1-2 kcal/mole and higher A factor. This reaction 4
member-ring intermolecular H transfer contributes to methacrolien product formation.
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The first step of reaction (12) has a small barrier 12.6 kcal/mole, but the following 0-
scission (reaction 12a) need 56.5 kcal/mole which is mostly due to its endothermicity. The
cyclization to form methylene oxirane + OH (reaction 12b) has an A of 5.38x10 1° and a
barrier 26.76 kcal/mole which is obtained by best fitting in experimental data of Walker et
al. This reaction path is the important contribution to methylene oxirane product
formation.
	
0-0	 C	 C .
13a 	 C - C- C 	 C=C-0-0-C . 	 C-C=0 + CH2O
< C •
C=C-000 •
	
(13)
cI
13b 	 0-0 	 0 	 0
/ 	 • \
C -C -C 	 C-C-C-0 • 	 C-C • + CH2O
C 	 C 	 C
Reaction path (13) take place via intermolecular addition of the terminal oxygen radical
side to pi bond site, forming four (reaction 13a) and five (reaction 13a) -member ring
oxirane adducts. These cyclization reactions have product-like transition states (TS). We
utilize the PM3 TS method to determine the entropies, heat capacities and enthalpies of
transition states A and B. An extensive analysis to determine a correction factor for the
theoretical enthalpies d}1,298,pm3 ` S with experimentally determined enthalpies (AHf°298 , t.),
i.e., AH,298,expi VS. ,6.1-1,298,Pm3, have done by Tsan H. Lay and J. W. Bozzelli for
monocyclic and bicyclic oxygenated hydrocarbons [32] and shown in Figure B.25. The
regressing line is found to pass through (0,0) with a slope 0.83, resulting in AHf °298,expi =
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0.83 x Allf°298,PM3. The empirical factor 0.83 is used to scale the Mlf°298,PM3 values of
transition states A and B. Enthalpies of formation of transition states (after scaling) are:
AHf298 (A) = 42.39 kcal/mole, AH,298 (B) = 41.081 kcal/mole. This reaction path (13) has
contribution to acetone formation.
We note that these barriers for the 5 member ring are much higher than reported earlier by
Bozzelli and Dean for the 5 member ring intermediate. This higher barrier 30.13
kcal/mole, is needs, required near complete loss of pi bond energy for the terminal C
double bond's twist needed to form the TST.
Evaluations of high pressure limit rate constants for reaction (11), (12) and (13) are given
in Table A.16.
QRRK calculated between 300-2000K at latm are illustrated in Figure B.25. The
parameters of1c=ATnexp(-Ea/RT) in Table A.2. for each reaction channel are obtained by
fitting the rate constants from 500K to 900K. The apparent rate constant for allylic
isobutenyl radical + 02 => C=C(C)C00• adduct is calculated to be 1.64 x 10 11 cm3/mole/s
at 743K. Adduct formation becomes more dominant at lower temperatures but even at
298K the half life for dissociation is 2.5 secs. At 743K, the chemically actived
C=C(C)C00.* adduct stabilization to C=C(C)C00• is however four orders of magnitude
higher than any of its further reactions, the reaction to C=C(C•)COOH has a low barrier is
competitive. Thus there exists an equilibrium between the initial reactants and the two
adducts C=C(C)C00• and C=C(C•)COOH.
The apparent rates constant for C2•C=C + 02 => C2-CYCC00 (4 member ring adduct) is
calculated to be 1.6 x10 4, its reverse reaction to reactants has a k= 7.6 x10 6 . The
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C•CYCCOO adduct does undergo further reactions to form CH 2O and acetone radical.
The C•CYCCOO adduct SS concentration is very low.
3.2.3 Isobutene (C2C*C) + 1102
This subsystem is discussed in section 2.2.4.
3.2.4 Allylic Isobutenyl Radical (C2•C*C) + 1102
At temperatures of Walker et al. experiment (743K), the HO2 concentration becomes
sufficiently large for this subsystem becomes important in isobutene oxidation. The
situation is completely different with tert-butyl radical + HO2, because the rate constant
for reaction allylic isobutenyl radical addition with HO2 is faster than with 0 2 to produce
methacrolien product.
C=C-C. + HO2 —4 C=C-C-00H	 C=C-C-0. + OH
C 	 C 	 C
C=C-C=0 + H
C
3.2.5 Reactions Important to Acetone Formation
In oxidation isobutene, acetone is the major product. It is formed two main psthways.
First one is via OH radical addition to isobutene then reaction of this hyrroxyl adduct with
02 . The peroxy-hydroxyl adduct undergo H transfer, again aided by H bond formation
between the peroxy and hydroxyl group The intermediate oxy radical will rapidly 3-
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scission to form acetone plus C•H200H. Again the C•H200H rapidly decomposes to
CH2O + OH.
OH 	 HO 00.
	
.0 00H 	 OOH
102
	I	 I
C=C-C + OH 	 C-C-C 	 • C-C-C --+ C-C-C 	 CH20 + C-C-C
C
I
C
I
•C 	 C
C-C-C + OH
II
0
OH 	 .00 OH
	 HOO 0 •
	
0
• I 	 02 	 I	 I 	 I 	 I 	 II
C-C-C ---* C-C-C -+ C-C-C _____* C-OOH + C -C-C
cic 	
1 	 1
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cH2 0 + OH
Second one is via the reactions of allylic isobutenyl radical with 02 (show in 3.2.2).
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	 ♦ C=C-0-0-C 	 C-C=0 + CH2 0
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0-0 	 0 	 0
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C -C -C 	 C-C-C-0 . 	 C-C . + CH20
C 	 C
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3.2.6 Reactions Important to Methacolein Formation
Methacolein is formed two main pathways. Both are via loss of H atom from the
C=C(C)CO• radical which is produced via the allylic isobutenyl radical addition with 0 2 or
combination with H02.
Some of methacrolien is lost through abstraction of H atom by HO 2 radical and C2•C*C
radical attacked.
C=C-C=0 + HO 2
	C=C-C=0 + H202
C 	 C
C=C-C=0 + C-C• =C ---+ C=C-C + C-C=C
C 	 C
C=C-C=0	 C-C. =C + CO
C
3.2.7 Formation of 2,5-Dimethylhexa-1,5-Diene
2,5-dimethylhexa-1,5-diene is one of major products in isobutene oxidation. It is formed
in reaction (14) which is a termination process. The overall reaction rate constant for
allylic isobutenyl radical with 0 2 is small, because of the very fast reverse reaction. The
concentration of allylic isobutenyl radical accumulates to relatively high levels and the
radical is consumed mainly through radical-radical processes. The behavior is in stark
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contrast to that of ethyl radicals and most alkyl radicals in general as shown, for example,
in the oxidation of propanal which is an excellent source of ethyl radicals under 400-
520°C where at most minute traces of butane are observed.
We used the rate constants for reaction (9) to be 1.6 x 10 13 cm3/mol-s.
3.2.8 Formation of Methylene Oxirane (C*CYCCOC)
The pathway for formation of C=CyCCOC is via the reaction of allylic isobutenyl radical
addition with 02 (reaction path 12b). We find the barrier to C=CyCCOC + OH formation
from C=C(C•)COOH radical to be a 26.76 kcal/mole with a A factor of 5.38 x 10 10
which result from the best fitting experimental data. The A factor from the calculation and
TST theory is 5.38 x 10 1°
 s-1 at T = 600K.
C=C-C-00•	 C=C-C-OOH —> C = C-C + OH	 (12b)
I 	 I
C-0
3.3 Other Reactions - Non Major Importance
3.3.1 C2C•COOH + 0 2 and C3-COOH + 02
The potential energy diagram for reactions of C2C•COOH and C3•COOH radicals
addition with 02 is illustrated in Figure B.28, B.29, B.30 and B.31. Table A.19, A.20,
A.21 and A.22 list the input data for QRRK calculation. The parameters of k=ATnexp(-
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Ea/RT) in Table A.2 for each reaction channel are obtained by fitting the rate constants in
the temperature range from 500K to 900K.
C2C-COOH and C3• COOH are formed via the addition of tert-butyl radical with 02 and
H02
 addition to isobutene subsystems, respectively. These reaction subsystems become
important, since of them have larger fractions can be stabilized at higher pressure and
lower temperature. Isobutene concentrations can build up and tert-butyl reaction with 02
_	 e",teir‘i-, 	 A -1 --
Several important equilibrium are achieved with product formation effected by slow
(bleed) reaction out of the equilibrium system. Important equilibria exist for: C2C*C +
H02 <=> C3-COOH, C2•C*C + 02 <=> C*C(C)C•, C*C(C)CQ• <=> C*C(C•)CQ and
C2C*C + H02 <=> C2C-COOH. In tert-butyl radical with 02 system show a near 200 to
1 dominance of the isobutene + H0 2 channel over formation of the 2,2-dimethyloxirane +
OH at 60 ton-. Rate constants and detail reaction paths for formation of important
products, acetone, methacrolein, epoxides, the five-member cyclic intermediate, cyclic-
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CH2C-(CH3)CH200-, and the four-member cyclic intermediate, C-H 2 (cyclic-
C(CH3)CH200-), are determined in allylic isobutenyl radical with 0 2 system. Predictions
are in good agreement with experimental data.
Table A.1 Thermodynamic Properties
SPECIES Hf	 S Cp 300 400 500 600 800 1000 1500 DATE
*N2 0 45.7 6.67 6.83 6.97 7.11 7.36 7.57 7.99
*H 52.1 27.3 4.9 4.9 4.9 4.9 4.9 4.9 4.9
H2 0 31.2 6.89 6.97 7.05 7.12 7.27 7.41 7.69
*X 59.51 38.4 5 5 5 5 5 5 5	 120186
Y 9.5 43.8 6.79 6.86 6.93 7 7.14 7.28 0
*0 59.51 38.4 5 5 5 5 5 5 5	 120186
*02 0 49 6.86 7.1 7.33 7.54 7.89 8.18 8.7
OH 9.5 43.8 6.79 6.86 6.93 7 7.14 7.28 0
H02 3.5 54.7 8.28 8.78 9.26 9.71 10.5 11.16 12.24	 20387
H2O -57.8 43.72 8.17 8.88 9.56 10.2 11.3 12.1 12.98 5/ 7/91
H202 -32.6 55.7 10.53 11.76 12.74 13.5 14.58 15.29 16.5 5/ 7/91
CO -26.4 47.2 6.71 6.89 7.06 7.23 7.53 7.79 8.29	 121286
HCO 10.4 53.6 8.37 8.85 9.32 9.78 10.65 11.42 12.8	 121286
CO2 -94.01 51 8.9 9.81 10.57 11.2 12.17 12.84 13.77
	 121286
CH3 34.8 46.3 9.12 9.91 10.68 11.41 12.75 13.9 16 J 6/69
CH4 -17.9 44.4 8.71 9.82 10.99 12.19 14.52 16.6 20.17 J 3/61
CH2O -26 50.92 8.47 9.38 10.46 11.52 13.37 14.81 0 6/29/94
CYC6H6 19.8 64.24 19.44 26.64 32.76 37.8 45.24 50.46 58.38
	 2/4/94
OC*0 -90.2 59.4 10.83 12.87 14.62 15.98 18.4 20 0 1/20/95
0.C*0 -38.3 60.19 9.52 11 12.3 13.29 15.12 16.26 0 1/20/95
CH3OH -48 57.3 10.49 12.34 14.22 16.02 19.05 21.38 25.02 1/20/95
CH3O. 3.96 55.84 9.51 11.04 12.61 14.13 16.67 18.58 21.43	 1/20/95
CH300H -31.8 64.96 15.93 18.31 20.4 22.53 25.21 27.68 0 1/20/95
Table A.1 (cont'd)
SPECIES Hf S Cp 300 400 500 600 800 1000 1500 DATE
CH300 4.3 65.18 13.88 15.47 16.85 18.44 20.49 22.71 0 1/20/95
C.H200H 14.6 68.25 16.55 18.4 19.87 21.44 23.2 24.93 0 1/20/95
C*C*0 -11.74 57.82 12.7 14.65 16.73 17.8 19.5 20.98 23.03	 1/20/95
CCC -25.33 64.5 17.88 22.63 27.05 30.93 37.11 41.88 49.36 1/20/95
CC.0 21.02 68.94 16.38 20.3 23.95 27.54 33.36 37.43 44.16 1/20/95
C*CC 4.65 63.81 15.45 19.23 22.72 25.79 30.74 34.49 40.39 1/20/95
CC.*C 61.55 65.62 15.11 18.02 20.78 23.27 27.4 30.58 35.63	 1/20/95
C*CC. 40.75 63.43 14.83 18.67 21.94 24.67 28.9 32.03 36.9 1/20/95
C#CC 44.28 59.28 14.6 17.31 19.7 21.75 25.09 27.65 32.78 1/20/95
C#CC. 81.58 60.95 13.76 16.14 18.14 19.8 22.39 24.34 27.47 1/20/95
C*C*C 45.92 58.3 14.16 17.21 19.82 22 25.42 28 32.07 1/20/95
CCC*O -44.5 72.73 19.42 23.41 26.92 29.97 35.32 39.17 0 1/20/95
CC.0*O -4.7 70.36 18.06 21.84 25.19 28.08 32.66 36.06 0 1/20/95
C2C*O -51.56 70.09 17.97 22 25.89 29.34 34.93 39.15 0 1/20/95
C2.0*O -9.26 72.49 18.29 22.19 25.74 28.77 33.5 36.93 0 1/20/95
C*CCHO -20.32 67.39 17.01 20.92 24.08 26.62 30.56 33.28 0 1/20/95
C2COOH -49.98 81.33 26.33 32 36.95 41.42 47.61 52.55 0 1/20/95
C2C.00H -8.48 87.31 26.55 30.69 34.5 38.21 43.48 47.93 0 1/20/95
C2000. -13.88 81.55 24.28 29.16 33.4 37.33 42.89 47.58 0 1/20/95
C*C(C)OH -38.81 72.62 19.18 23.26 26.77 29.82 34.95 38.72 44.37 1/20/95
C*C(C)O. -2.91 71.51 17.84 21.27 24.29 27.03 31.82 35.39 40.58 1/20/95
C*C(C)Q -15.57 82.84 23.59 28.35 32.07 35.4 40.81 44.61 0 1/20/95
C*C(C)Q. 20.53 83.06 21.54 25.51 28.52 31.31 36.09 39.64 0 1/20/95
Table A.1 (cont'd)
SPECIES Hf S
C*C(C.)Q 20.53 82.46
CCYCCO -21.88 66.3
CCYC.00 24.47 70.74
C*CYCCO 5.62 64.01
C*CYCC.0 39.12 60.2
C3C -32.5 70.43
C3C. 11.7 75.67
C3.0 16.5 77.4
C3COH -75.1 78.01
C3CO. -23.14 76.55
C3.COH -26.1 84.98
C3COOH -59.68 84.23
C3 COO. -23.58 84.45
C3.COOH -10.68 91.74
C2CCOOH -53.69 90.87
C2C.COOH -9.49 95.46
C2CCOO. -17.59 91.09
C2CCOH -68.3 83.25
C2C.COH -24.1 88.49
C2CCO. -16.34 81.79
C2CQCOH -95.48 97.05
C2CQCO. -43.52 95.59
C2CQ.COH -59.38 97.27
C2COHCQ -96.29 98.45
Cp 300
22.97
17.58
16.08
15.92
14.38
23.11
22.33
22.34
27.2
26.22
26.43
32.33
30.28
31.85
31.44
30.95
29.39
26.21
25.43
25.23
35.43
34.45
33.38
35.53
400 500 600 800 1000 1500 DATE
27.79 31.29 34.28 38.97 42.15 0 1/20/95
22.94 27.26 30.44 36.12 40.2 0 1/20/95
20.61 24.16 27.05 32.37 35.75 0 1/20/95
20 23.23 25.82 30.23 33.72 0 1/20/95
18.18 21.15 23.5 27.48 30.58 0 1/20/95
29.52 35.37 40.42 48.37 54.36 63.92 1/20/95
27.04 31.82 36.27 43.62 49.34 58.53	 1/20/95
28.16 33.46 38.02 45.21 50.62 59.26 1/20/95
34.21 40.27 45.3 53.28 59.16 0 1/20/95
32.91 38.66 43.41 50.9 56.36 0 1/20/95
32.85 38.36 42.9 50.12 55.42 0 1/20/95
39.59 45.8 51.26 58.93 64.96 0 1/20/95
36.75 42.25 47.17 54.21 59.99 0 1/20/95
38.35 43.8 48.66 55.46 60.92 0 1/20/95
38.49 44.75 50.4 58.49 64.8 0 1/20/95
36.37 41.53 46.52 53.96 59.93 0 1/20/95
35.65 41.2 46.31 53.77 59.83 0 1/20/95
33.03 39.09 44.29 52.48 58.53 0 1/20/95
30.55 35.54 40.14 47.73 53.51 0 1/20/95
31.73 37.48 42.4 50.1 55.73 0 1/20/95
43.1 49.52 55.13 63.04 69.13 0 1/20/95
41.8 47.91 53.24 60.66 66.33 0 1/20/95
40.26 45.97 51.04 58.32 64.16 0 1/20/95
43.18 49.65 55.28 63.4 69.6 0 1/20/95
Table A.1 (cont'd)
SPECIES Hf S Cp 300 400 500 600 800 1000 1500 DATE
C2CO.CQ -44.33 96.99 34.55 41.88 48.04 53.39 61.02 66.8 0 1/20/95
C2COHCQ. -60.19 98.67 33.48 40.34 46.1 51.19 58.68 64.63 0 1/20/95
C3QCQ -80.87 104.67 40.66 48.56 55.18 61.24 69.05 75.4 0 1/20/95
C2CQCQ. -44.77 104.89 38.61 45.72 51.63 57.15 64.33 70.43 0 1/20/95
C2CQ.CQ -44.77 104.89 38.61 45.72 51.63 57.15 64.33 70.43 0 1/20/95
C2.CQCQ -31.87 109.62 40.01 47.28 53.3 58.86 65.89 71.65 0 1/20/95
C2C*C -3.8 69.99 21.58 26.65 31.3 35.34 41.91 46.89 54.71	 1/20/95
C2.C*C 32.3 70.99 20.96 26.09 30.52 34.22 40.07 44.43 51.22 1/20/95
C2CC*O -51.2 79.65 23.57 29.46 34.96 39.45 46.7 51.93 0 1/20/95
C2C.0*O -13.5 77.94 24.19 29.26 33.73 37.63 43.83 48.46 0 1/20/95
C2CC.*O -14.3 80.77 22.74 28.03 33 37.03 43.54 48.2 0 1/20/95
C2C*COH -45.93 79.05 25.53 31.25 36.25 40.42 46.96 51.79 59.42 1/20/95
C2C*CO. -10.03 77.94 24.19 29.26 33.77 37.63 43.83 48.46 55.63
	 1/20/95
C*C(C)COH -38.26 82.01 24.81 30.17 35.04 39.27 46.13 51.21 58.97 1/20/95
C*C(C)CO. 13.7 80.55 23.83 28.87 33.43 37.38 43.75 48.41 55.38
	 1/20/95
C2C*CQ -23.92 87.26 29.78 35.94 41.37 45.92 53.01 58.09 0 1/20/95
C*C(C)CQ -24.38 90.1 30.23 36.16 41.22 45.79 52.26 57.51 0 1/20/95
CC(COH)CO -87 91.67 26.67 32.97 38.68 43.32 50.81 56.1 0 1/20/95
CC(CO.)CO -35.04 90.21 25.69 31.67 37.07 41.43 48.43 53.3 0 1/20/95
C2C(C*O)Q -75.83 93.27 32.51 39.62 45.82 51.02 58.63 64.11 0 1/20/95
C2CIC*OQ. -39.33 94.59 30.46 36.78 42.27 46.93 53.91 59.14 0 1/20/95
C2CIC.*OQ -38.93 94.39 31.68 38.19 43.86 48.6 55.47 60.38 0 1/20/95
C2.CIC*OQ -26.83 98.61 32.03 38.38 43.82 48.42 55.16 60.07 0 1/20/95
Table A.1 (cont'd)
SPECIES Hf S Cp 300 400 500 600 800 1000 1500 DATE
C2COOC*0 -84.73 99.62 31.14 38.58 45 49.75 57.85 63.61 0 1/20/95
C2C.00C*0 -43.03 102.08 29.65 35.7 41.1 45.24 52.76 58.29 0 1/20/95
C*C(C)OOC -15.4 91.77 28.47 34.78 39.9 44.37 52.01 57.57 0 1/20/95
C*CICOOC. 30 95.3 28.99 34.7 39.1 42.92 49.51 54.3 0 1/20/95
C*CICC*0 -27.34 74.64 23.14 28.34 32.66 36.17 41.73 45.56 0 1/20/95
C*CICC.*0 3.56 73.25 22.95 27.49 31.07 33.96 38.52 41.67 0 1/20/95
C2C*C*0 -28.06 73.97 24.08 28.58 33.01 36.14 41.27 45.33 51.36 1/20/95
C2*CCIOHQ -70.83 99.6 34.05 40.44 46.3 50.83 57.69 63.19 0 1/20/95
C2*CCIO.Q -18.87 98.14 33.07 39.14 44.69 48.94 55.31 60.39 0 1/20/95
C2CYC2O -31.48 70.59 23.3 30.33 35.81 40.2 47.53 52.81 0 1/20/95
C2CYCC.0 11.42 71.74 23.17 29.66 34.5 38.31 44.71 49.32 0 1/20/95
C2CYC2OQ -61.71 87.43 32.67 40.61 47.09 51.82 59.2 64.94 0 1/20/95
C2CYC2OQ. -25.61 87.65 30.62 37.77 43.54 47.73 54.48 59.97 0 1/20/95
C2.CYC2OQ -12.71 92.23 31.9 39.25 45.18 49.42 56.04 61.2 0 1/20/95
CCYCOCC -27.66 72.28 21.52 28.48 34.25 38.91 47.08 52.78 0 1/20/95
CCYC20C0 -66.98 85.74 26.68 34.08 40.18 44.4 51.95 57.21 0 1/20/95
CCYC20C0 -15.02 84.28 25.7 32.78 38.57 42.51 49.57 54.41 0 1/20/95
CCYCCOC -25.53 71.59 20.75 27.74 33.37 38.31 46.62 52.42 0 1/20/95
CCYC.00C 18.67 76.83 19.97 25.26 29.82 34.16 41.87 47.4 0 1/20/95
C2YC2020 -67.53 82.76 32.36 39.55 45.71 50.67 59.12 65.84 0 1/20/95
C2YC2020. -15.57 81.3 31.38 38.25 44.1 48.78 56.74 63.04 0 1/20/95
C2CYCCOO -21.73 74.19 27.8 34.8 40.38 45.32 53.9 60.51 0 1/20/95
C2.CYCCO 27.27 78.99 27.03 33.44 38.47 42.92 50.74 56.77 0 1/20/95
C*CYCCOC 5.85 67.59 19.48 24.89 29.34 33.35 40.38 45.25 0 1/20/95
Table A.1 (cont'd)
SPECIES Hf S Cp 300 400 500 600 800 1000 1500 DATE
C*CYCCOC. 41.95 67.78 18.86 24.33 28.56 32.23 38.54 42.79 0 1/20/95
CCYCCOOC -35.01 83.46 25.58 32.43 38.04 43.03 51.75 58.88 0 1/20/95
CCYC.000 8.89 85.18 25.52 31.91 36.93 41.29 48.9 55.19 0 1/20/95
CCYCC.00 11.34 87.9 24.08 30.1 34.94 39.64 48 54.43 0 1/20/95
C*CCCC*C 20.18 86.63 28.76 36.5 43.28 48.98 57.88 64.4 74.34 1/20/95
C2*CCCC*C 12.53 98.32 34.89 43.92 51.86 58.53 69.05 76.8 88.66 1/20/95
C*C(C)CC3 -19.32 90.92 37.95 48.37 57.53 65.18 76.87 85.39 98.1	 1/20/95
C3CCC3Q -74.99 115.24 54.21 68.27 80.5 90.96 105.78 116.58 0 1/20/95
C3CCC3Q. -38.89 115.46 52.16 65.43 76.95 86.87 101.06 111.61 0 1/20/95
C3CCC2.CQ -25.99 120.58 53.73 67.03 78.5 88.36 102.31 112.54 0 1/20/95
C3COOCC3 -83.44 112.75 53.6 68.04 80.1 89.82 105.16 116.7 0 1/20/95
C3.COOTB -34.44 121.64 53.12 66.8 78.1 87.22 101.69 112.66 0 1/20/95
C2CCOOTB -78.66 120.82 52.61 66.86 78.92 88.81 104.36 116.07 0 1/20/95
C2C.COOTB -34.46 125.41 52.12 64.74 75.7 84.93 99.83 111.2 0 1/20/95
C3CCC3 -53.92 93.42 45.88 59.3 71.12 80.98 95.66 106.14 121.72 1/20/95
C3.CCC3 -4.92 101.77 45.11 57.94 69.21 78.58 92.5 102.4 117.06 1/20/95
C*C(C)CQ. 11.72 92.5 28.18 33.32 37.67 41.7 47.54 52.54 0 1/20/95
C*C(C.)CQ 11.72 89.72 29.61 35.6 40.44 44.67 50.42 55.05 0 1/20/95
C*C(C)C.Q 9.12 88.47 28.69 34.34 39.14 43.47 49.51 54.37 0 1/20/95
C.*C(C)CQ 34.72 93.67 30.04 35.41 39.86 43.87 49.44 54.02 0 1/20/95
DIC2.C*C 3.28 104.5 41.02 51.34 60.44 68.08 80.22 89.2 102.98 1/20/95
C2.CYC20 17.52 75.39 22.53 28.97 33.9 37.8 44.37 49.07 0 4/30/95
43
1
45
Table A.2 (cont'd)
REACTIONS A3 n E source
C2CQ.COH=C2CQCO. 7.48E+35 -8.59 25097 DISSOC
C2CQ.COH=C2C.00H+CH20 7.76E+78 -20.62 51918 DISSOC
C2CQC0.=C2C.00H+CH20 4.88E+46 -10.83 26922 DISSOC
C2C.00H=C2C*O 3.75E+12 -1.30 892 DISSOC
C2C*C+H02=C2.C*C+H202 1.93E+04 2.60 13910 2x C=C-C
91TSA
C2C*C+02=C2.C*C+H02 2.40E+13 0.00 40000 This work
C2C*C=CC.*C+CH3 6.55E+19 -0.81 98702 DISSOC
C2.C*C=CH3+C*C*C 4.57E+13 0.00 54190 73TSA
C2C*C+H02=C*C(C)Q+CH3 5.44E+16 -1.22 29298 QRRK
C3.COOH=C*C(C)Q+CH3 1.23E+34 -7.58 39649 DISSOC
C*C(C)Q=C2.0*O+OH 1.75E+47 -11.94 20270 DISSOC
C2.C*0=C*C*0+CH3 1.55E+29 -5.08 46179 DISSOC
C2C*C+H02=C2C.COOH 4.56E+59 -15.61 21990 QRRK
C2C*C+H02=C2C*CQ+H 7.06E+14 -0.87 32868 QRRK
C2C*C+H02=C*C(C)CQ+H 1.72E+15 -0.80 32297 QRRK
C2C*C+H02=C2CYC20+0H 1.91E+24 -4.03 20085 QRRK
C2C*C+H02=C2CCOO. 1.59E+83 -22.64 36432 QRRK
C2C*C+H02=C3.C+02 4.99E+55 -13.29 34013 QRRK
C2C.COOH=C2C*CQ+H 7.80E+31 -7.12 43432 DISSOC
C2C.COOH=C*C(C)CQ+H 5.41E+31 -6.88 42553 DISSOC
C2C.COOH=C2CYC20+0H 4.04E+49 -12.72 31507 DISSOC
C2C.COOH=C2CCOO. 9.62E+75 -20.89 36228 DISSOC
C2C.COOH=C3.C+02 2.78E+68 -17.92 42378 DISSOC
C2CC00.=C3.C+02 7.78E+78 -20.45 52041 DISSOC
C2C*CQ=C2C*CO.+OH 2.39E+79 -21.37 39026 DISSOC
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Table A.2 (cont'd)
REACTIONS	 Ea	 source
C2C*C0.=C2C*C*0+H
C*C(C)CQ=C*C(C)CO.+OH
C*C(C)CO.=C*CICC*O+H
C3C.+H02=C2CCOOH
C3C.+H02=C2CCO.+OH
C2CCOOH=C2CCO.+OH
C2CCO.=CC.0+CH2O
C2CYC20+0H=C2CYCC.0+1120
C2CYC2O+C2.C*C=C2CYCC.O+C2C*C
C2CYC2O+C*CC.=C2CYCC.O+C*CC
C2CYC2O+C3 C00.=C2CYCC.O+C3 COOH
C2CYC2O+CH300=C2CYCC.O+CH30011
C2CYC204-CH3=C2CYCC.O+CH4
C2CYCC.0+02=C*CICC*0+H02
C2CYCC.O=C2C.0*O
C2CYCC.O=C2C*C*O+H
C2CYCC.O=C*CICC*0+H
C2C.C*0=C2C*C*0+H
C2C.C*0=C*CICC*0+H
C2C.000H+02=C2CQ.CQ
C2C.000H+02=C2.CQCQ
C2C. COOH+02=C*C(C)Q+C.H200H
C2CQ.CQ=C2.CQCQ
C2CQ.CQ=C*C(C)Q+C.H200H
C2.CQCQ=C*C(C)Q+C.H200H
C3.000H+02=C2CQCQ.
5.15E+41 -8.81 46718 DISSOC
1.80E+61 -14.43 58345 DISSOC
4.14E+50 -12.98 21171 DISSOC
5.85E+57 -15.06 10751 QRRK
1.74E+16 -0.88 1454 QRRK
3.26E+59 -13.82 58245 DISSOC
1.76E4-70 -18.69 33852 DISSOC
1.55E+06 2.00 -1458 AMDCH3OH
1.00E+00 4.00 13318 AMDCH3OH
1.00E+00 4.00 13318 AMDCH3 OH
1.00E+00 4.00 13318 AMDCH3 OH
1.00E+00 4.00 13318 AMDCH3OH
1.02E-01 4.00 4915 AMDCH3OH
5.00E+12 0.00 25000 B SCLIMITS
2.39E+33 -6.18 12899 DISSOC
4.72E+29 -4.21 25939 DISSOC
1.32E+30 -4.35 26544 DISSOC
2.07E+52 -12.23 53384 DISSOC
2.96E+53 -12.59 54402 DISSOC
1.65E+84 -22.82 23134 QRRK
2.28E+67 -17.44 22587 QRRK
4.89E+22 -2.90 23797 QRRK
2.62E+74 -19.67 47189 DISSOC
1.46E+64 -16.48 63486 DISSOC
1.04E+09 0.76 32371 DISSOC
1.25E+74 -19.62 19703 QRRK
47
Table A.2 (cont'd)
REACTIONS A* n Ea' source
C3.000H+02=C2.CQCQ 4.69E+49 -12.17 15476 QRRK
C3.000H+02=C*C(C)Q+C.H200H 4.35E+15 -0.94 22017 QRRK
C2CQCQ.=C2.CQCQ 1.07E+34 -7.87 24598 DISSOC
C2CQCQ.=C*C(C)Q+C.H200H 1.44E+41 -9.66 54714 DISSOC
C2.0*O+H=C2C*O 1.00E+13 0.00 0 est.
C2.0*O+H2=C2C*O+H 5.36E+12 0.00 14495 est.
C2.0*O+C2C*C=C2.0*C+C2C*O 2.23E+01 3.50 6637 10 xC2H5+
C=C-C91TSA
C2C*O+OH=C2.0*O+H20 1.02E+12 0.00 1192 92ATKJBAU,
89ATKJBAU
C2C.C*0+02=C2CIC*0Q. 6.98E+67 -18.06 15421 QRRK
C2C. C * 0+02=C2YC2020. 1.15E+30 -8.38 13453 QRRK
C2C.C*0+02=C2.CIC*0Q 1.44E+25 -5.49 5520 QRRK
C2C.C*0+02=C*CICC*0+H02 1.73E+23 -3.61 9632 QRRK
C2C.C*0+02=C2CIC.*OQ 2.97E+76 -20.56 22100 QRRK
C2C.C*0+02=C2C*C*0+H02 4.94E+54 -13.02 20058 QRRK
C2C.C*0+02=C2C.00C*0 4.95E+10 -1.74 16208 QRRK
C2C.C*0+02=C2C*0+0.C*0 1.87E+11 -0.37 15479 QRRK
C2CIC*OQ.=C2YC2020. 3.71E+56 -17.21 41433 DISSOC
C2CIC*OQ.=C2.CIC*OQ 2.75E+60 -16.93 34822 DISSOC
C2CIC*0Q.=C*CICC*0+H02 3.44E+62 -16.6 39632 DISSOC
C2CIC*0Q.-C2CIC.*OQ 1.02E+79 -21.53 3 9422 DISSOC
C2CIC*0Q.=C2C*C*0+H02 1.31E+88 -23.89 49251 DISSOC
C2CIC*0Q.=C2C.00C*0 5.21E+37 -11.13 43076 DISSOC
C2CIC*OQ.=C2C*O+O.0*O 2.52E+38 -9.80 42373 DISSOC
C2YC2020.=C2C.00C*0 3.40E+32 -9.16 12584 DISSOC
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Table A.2 (coned)
REACTIONS source
C2YC2020.=C2C*O+O.0*O 5.83E+32 -7.69 11700 DISSOC
C2.CIC*0Q=C*CICC*0+H02 2.84E+51 -13.54 18057 DISSOC
C2CIC.*OQ=C2C*C*0+HO2 6.30E+61 -15.73 36226 DISSOC
C2C.00C*0=C2C*0+0.C*0 2.99E+12 -1.29 473 DISSOC
C2.C*C+02=C*C(C)CQ. 7.05E+51 -13.17 9592 QRRK
C2.C*C+02=C*C(C)C0.+0 3.29E171 -47.57 115378 QRRK
C2.C*C+02=C*C(C)C.Q 5.40E+10 -1.10 20809 QRRK
C2.C*C+02=C*CICC*0+0H 6.49E+12 -0.10 20611 QRRK
C2.C*C+02=C*C(C.)CQ 1.75E+54 -13.75 11956 QRRK
C2.C*C+02=C*C*C+C.H200H 8.34E+59 -14.04 61858 QRRK
C2.C*C+02=C*CYCCOC+OH 7.11E+12 -0.85 10719 QRRK
C2.C*C+02=CCYC.COOC 2.26E+45 -11.95 19642 QRRK
C2.C*C+02=C2.CYCCOO 2.05E+30 -7.84 12224 QRRK
C2.C*C+02=CCYCC.00C 2.39E-07 3.86 15575 QRRK
C2.C*C+02=CCYC2000. 1.09E+36 -9.46 18214 QRRK
C2.C*C+02=CCYC.00+CI-120 2.66E+15 -1.46 14238 QRRK
C2.C*C+02=CC(C0.)C0 1.91E-04 2.64 14255 QRRK
C2.C*C+02=CC.C*0+CH20 2.43E+00 3.08 17904 QRRK
C2.C*C+02=C*CICOOC. 1.50E+13 -2.37 13955 QRRK
C2.C*C+02=C2.C*0+CH20 9.07E+12 -0.75 13091 QRRK
C*C(C)CQ.=C*C(C)CO.+O 6.26E+15 -2.17 57252 DISSOC
C*C(C)CQ.=C*C(C)C.Q 5.91E+18 -4.85 37378 DISSOC
C*C(C)CQ.=C*CICC*O+OH 7.84E+20 -3.87 37181 DISSOC
C*C(C)CQ.=C*C(C.)CQ 1.23E+64 -17.29 26766 DISSOC
C*C(C)CQ.=C*C*C+C.H200H 2.21E+13 -1.49 53700 DISSOC
C*C(C)CQ.=C*CYCCOC+OH 1.84E+28 -6.81 28421 DISSOC
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Table A.2 (coned)
REACTIONS A' n Ea' source
C*C(C)CQ.=CCYC.COOC 3.45E+56 -16.44 37110 DISSOC
C*C(C)CQ.=C2.CYCCOO 1.32E+45 -13.34 31373 DISSOC
C*C(C)CQ.=CCYCC.00C 4.94E-01 0.58 31019 DISSOC
C*C(C)CQ.=CCYC2000. 1.27E+48 -14.3 35747 DISSOC
C*C(C)CQ.=CCYC.CO+CH2O 6.39E+28 -6.79 31925 DISSOC
C*C(C)CQ.=CC(C0.)C0 2.68E+02 -0.58 29668 DISSOC
C*C(C)CQ.=CC.0*O+CH2O 5.02E+06 -0.22 33325 DISSOC
C*C(C)CQ.=C*CICOOC. 7.82E+26 -7.80 31789 DISSOC
C*C(C)CQ.=C2.0*O+CH2O 2.88E+26 -6.12 30801 DISSOC
C*C(C)C.Q=C*CICC*O+OH 3.59E+09 -0.39 -592 DISSOC
C*C(C.)CQ=C*C*C+C.H200H 9.62E+07 0.64 51199 DISSOC
C*C(C.)CQ=C*CYCCOC+OH 4.29E+15 -2.59 23844 DISSOC
CCYC.COOC=CCYCC.00C 1.01E+34 -8.81 42242 DISSOC
CCYC.COOC=CCYC2000. 1.01E+80 -22.75 38921 DISSOC
CCYC.COOC=CCYC.00+CH20 6.29E+66 -17.31 37574 DISSOC
CCYC.COOC=CC(C0.)C0 4.44E+36 -9.92 40901 DISSOC
CCYC.COOC=CC.0*O+CH2O 8.46E+40 -9.59 44484 DISSOC
CCYCC.00C=CC(C0.)C0 7.75E+08 -1.87 -2922 DISSOC
CCYCC.00C=CC.C*0+CH20 2.86E+07 0.13 -747 DISSOC
CC(CO.)CO=CC.0*O+CH2O 1.26E+42 -10.48 16108 DISSOC
CCYC20C0.=CCYC.00+CH20 1.12E+73 -19.34 37991 DISSOC
C2.CYCCOO=C*CICOOC. 8.56E+47 -13.96 19093 DISSOC
C2.CYCCOO=C2.C*0+CH20 1.79E+46 -11.92 17617 DISSOC
C*CICOOC.=C2.C*0+CI120 9.78E+12 -1.47 542 DISSOC
CCYC.CO=C2.0*O 1.08E+35 -6.74 13195 DISSOC
CCYC.CO=C*C*0+CH3 1.62E+23 -2.52 16460 DISSOC
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Table A.2 (cont'd)
REACTIONS A' n	 Ea' source
CCYC.00+CH3=C2CYC20 1.60E+13 0.00	 0 est.
C2.C*C+H02=C*C(C)CQ 2.53E+68 -18.12 15692 QRRK
C2.C*C+H02=C*C(C)C0.+OH 3.63E+23 -3.13	 5415 QRRK.
C*C(C)C0.=C2.CYC20 9.30E+12 0.00 21000 est.
C*C(C)C0.=CC.*C+CH20 6.71E+28 -6.37 31297 DISSOC
C*C(C)C0.+C2C*C=C2.C*C+C*C(C)COH 1.20E+11 0.00	 3250 est.
C*C(C)C0.+C*CC=C*C(C)COH+C*CC. 1.20E+12 0.00	 3250 est.
C*CICC*0+CH3=CH4+C*CICC.*0 6.80E+02 4.00	 125 est.
C*CICC*O+OHH2O+C*CICC.*O 1.70E+07 1.66	 1238 1/6 C2H6+0H
C*CICC*0+H02=H202+C*CICC.*0 6.80E-01 4.00	 8642 est.
C*CICC*0+C*CC.=C*CC+C*CICC. *0 6.80E-01 4.00	 8642 est.
C*CICC*0+C2.C*C=C2C*C+C*CICC.*0 6.80E-01 4.00	 8642 est.
C*CICC.*0=CC. *C+CO 1.50E+13 0.00 42300 est.
C2.C*C+C2.C*C=DIC2.C*C 1.60E+13 0.00	 0 73BAY/BRD
C2.C*C+C*CC.=C2*CCCC*C 1.00E+13 0.00	 0 est.
C3.CCC3+C*C(C)COH=C*C(C)C0.+C3CCC3 9.20E-02 4.00 12142 AS REVERSE
C*C(C)C0H+H02=C*C(C)C0.+H202 9.20E-01 4.00 18267 AS REVERSE
CCYC.00C+C2C*C=CCYCOCC+C2.C*C 6.74E-02 4.00	 6092 LIKE T-BU
CCYC.00C+C*CC=C*CC.+CCYCOCC 3.37E-02 4.00	 6194 LIKE T-BU
CCYC.000C+C2C*C=CCYCCO0C+C2.C*C 2.00E-01 4.00	 5225 SEC.
CCYC.000C+C*CC=CCYCCO0C+C*CC. 1.00E-01 4.00	 5327 SEC.
CC. *C+C2C*C=C*CC+C2.C*C 2.00E-01 4.00	 227 EST AMD
C C . * C+C3 CCC3=C3. CCC3+C* CC 1.65 4.00	 6700 EST AMD
C*CC.+C*CC.=C*CCCC*C 2.00E+13 0.00	 0 est.
C*C*C+C*CC.=C#CC.+C*CC 1.02E+00 4.00 11897 AMD91
C*C*C+C2.C*C=C#CC.+C2C*C 1.02E+00 4.00 11897 AMD91
Table A.2 (cont'd)
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a: Unit of A factor, cm 3/mol/s or s''
b: Unit of Ea, cal/mol
Table A.3 Input Parameters for QRRK Calculation: C3C• C2C*C + H
Reaction	 A	 Ea
(s-1 or cc/mol-s)	 (kcal/mol)
k 1
	C3C• --> C2C*C + H	 8.30E13	 35.15
geometric mean frequency (from CRF1T)
<v> 250.3cm-1 , 1226.0cm-1 , 2721.0cm-1
Lennard-Jones parameters: a . = 5.2780A°, = 330.10 K
k1	 Base on C3C• = C2C*C+H, 90 TSA
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Geometric mean frequency from CP111)
<v> 250.4cm-1, 1072.1cm-1, 2880.5cm-1
Lennard-Jones parameters: o- = 6.45A°, 6/k = 554.4 K
k 1
	From Atkinson et al.for CCC• + 02
Via lciand <MR>
k2
	
A2 = 3.5E13, estimated from 0 + CH3* 0.55 (Benson)
k3 	 A3 estimated using TST, loss of two rotors, symmetry; gain of one 01,
nine equivalent H's, del s = -8.8545, Ea3 evaluated from ring train (6.3)
+ AHrxn (12.9 ) + Ea abstraction (8.2)
1(-3	 Via k3 and MR, Ea_3 = Ea3 - AHrxn
k4	 A4 via A.4 and MR, Ea4 = AHrxn + Ea4
1K-4	 A-4= 2.8E11, estimated from 1/2(C2H4 + H02), Ea.t = 7.86 (Bozzelli
and Dean )
geometric mean frequency (from CPFIT)
<v> 250.1cm-1 , 1090.9cm-1 , 2881.2cm-1
Lennard-Jones parameters: a = 5.5471A°, c/k = 584.86 K
k1	 A = 2.80E11, estimated from 1/2(C2H4 + H02) , Ea = 7.86 (Bozzelli and Dean )
k- 1
	Via k iand <MR>
k2	 Via k-2and <MR>
k-2
	A = 1.66E11, estimated from 1/2(C2H4 + CH3), Ea-2=7.7.
k3
	A estimated using TST, loss of two rotors, Ea best fit expermintal data in this study.
geometric mean frequency (from CPFIT)
<v> 250.1cm
-1 , 1090.9cm-1 , 2881.2cm-1
Lennard-Jones parameters: a = 5.5471A°, elk = 584.86 K
k 1
	A1= 2.80E11, estimated from 1/2(C2H4 + H02), Ear— 7.86 (Bozzelli and Dean )
A l
 via A l and <MR>, Ea_ i = d.Hrxn + Ea '
k2	 Via k...2
 and <MR>
k-2	 Estimated A-2=1.0e13, Ea.2=3.
k3
	Via k_3 and <MR>
k..3
	Estimated A.3-= 1 . 0 e 1 3 , Ea_3=3.
IC4 	 A4 estimated using TST, loss of two rotors, Ea4 best fit expermintal data in this
study.
k5
	Via k_5 and <MR>
k.5 	A_5estimated using TST, loss of two rotors, symmetry; gain of one 0I, one
equivalent His, Ea.5 evaluated from ring strain (6.3) + AHrxn (8.1) + Ea abstraction
(9.80)
k6	 Via k_6and <MR>
k-6	 A.6=3.60E12, Ea_6=0, from Atkinson et al..
geometric mean frequency (from CPF11')
<v> 250.1cm-1 , 1090.9cm-1 , 2881.2cm-1
Lennard-Jones parameters: a = 5.5471A°, elk = 584.86 K
k1	 A1=-4.05E15, from C200H —> C2C0• + OH, 92 BAL/COB
<v> 250.1cm-1 , 1090.9cm-1 , 2881.2cm-1
Lennard-Jones parameters: a = 5.5471A°, 	 = 584.86 K
k1	 Via 1c 1 and <MR>, estimated A. 1=1.0E13, Ea-1=3.
Table A.8 Input Parameters for QRRK Calculation: C2C*C+OH—>C2C•COH
geometric mean frequency (from CPE1'1)
<v> 389.3cm-1 , 1475.6cm-1 , 3185.2cm-1
Lennard-Jones parameters: a = 5.1983A°, c/k = 553.08 K
k1	 A = 2.70E11, estimated from 1/2(C2H4 + OH), Ea = 1.0
k-1	 Via k 1
 and <MR>, Ea= AHrxn - RTm
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<v> 291.4cm-1 , 1135.9cm-1 , 2797.8cm-1
Lennard-Jones parameters: a = 5.8569A°, c/k = 632.06 K
k 1
	A=3.6E12, from Atkinson et.al.for CCC• + 02; Ea=0
k- 1
	Via k 1
 and <MR>, Ea= iHrxn - RTm
k2
	A2 estimated using TST, loss of three rotors, gain of one CH, one equivalent H's, Ea t
evaluated from ring train (0.1) + iHrxn (15.86) + Ea abstraction (7.21)
- 6 ( H-bond)
k3
	Via k-3
 and <MR>
k-3
	A= 3.3E11, estimated from (C2H4+ CH 3); Ea = 7.7
geometric mean frequency (from CPFIT)
<v> 270.0cm-I , 1109.5cm-1 , 2859.8cm-I
Lennard-Jones parameters: o- = 5.8569A°, cJk = 632.06 K
k 1
	A=3.6E12, from Atkinson et.al.for CCC• + 02; Ea=0
k- 1
	Via k 1 and <MR>, Ea= AHrxn RTm
k2	 A estimated using TST, loss of three rotors, gain of one CH, one equivalent Hs, Ea
evaluated from ring strain (0.1) + dHrxn (15.86) + Ea abstraction (7.21)
-6 (H-bnd)
k3
	Via k- 3 and <MR>
k-3
	A= 3.3E11, estimated from (C2H4 + CH3), Ea = 7.7
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geometric mean frequency (from CPF1T)
<v> 251.2cm
-1 , 1092.4cm-1 , 2887.1cm-1
Lennard-Jones parameters: a = 5.55A°, c/k = 585.0 K
k1 	 Estimated A 1=2.0E13
Via Ic i and <MR>, Ea.]. = AHrxn - RTm
k2	 Base on C2COOH C2CO• + OH, 92 BAL/COB
geometric mean frequency (from Carl)
<v> 452.6cm-1 , 1274.7cm-I , 2979.3cm-1
Lennard-Jones parameters: a = 5.1983A°, = 533.08 K
k 1
	Al via Al and <MR>, Ea ]. = Mom + Ea.i, A-1 1.66E11, estimated from
1/2(C2H4 + CH3) , Ea_ 1 = 7.7
geometric mean frequency (from cP.Fro
<v> 250.5cm-1 , 949.6cm-1 , 2459.6cm-1
Lennard-Jones parameters: a = 7.5501A°, elk = 684.90 K
k 1
	Estimated
k 1
	Via k 1 and <MR>, Ea t= A.Hrxn - RTm
k2 	 Via k 1 and <MR>, estimated A-2=1.0E+13, Eat = 4111rxn - RTm
geometric mean frequency (from CP111)
<v> 250.1cm-1 , 992.7cm-1 , 2419.4cm-1
Lennard-Jones parameters: a = 7.5501A°, c/k = 684.90 K
k1	 Al = 2.80E11, estimated from 1/2(C2H4 + H02),
Ea l
 = 7.86 (Bozzelli and Dean )
Via k 1 and MR, Ear= AHrx.n + Eal
k2	 A2 estimated using TST, loss of two rotors, Ea t best fit of experimental data in
this study
geometric mean frequency (from CP111)
<v> 273.7cm-1 , 1157.5cm-1 , 3021.5cm-1
Lennard-Jones parameters: a = 6.6463A°, e/k = 763.17 K
k1	 From Atkinson et. al.
k-1	 Via k 1 and <MR>, Ea t= AHrxn - RTm
k2	 A2 estimated using TST, loss of three rotors, symmetry; gain of one 01,
six equivalent H's, Ea2 evaluated from ring train (0.1) + AHrxn (12.9)
+ Ea abstraction (8.2)
k-2	 Via k2 and <MR>, Ea_2= Ea2  AHrxn
k3
	A3 via A..3 and <MR>, Ea3 = Mirxn + Ea..3
IC.3	 A._3 = 1.66E11, estimated from 1/2(C 2H4 + CH3) , Ea_3 = 7.7
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Table A.16 Input Parameters for QRRK Calculation: C2•C*C + 02 --)1 Products
Reaction
C2•C*C + 02 -+ C*C(C)CQ•
k- i
	C*C(C)CQ C2•C*C + 02
k2
	C*C(C)CQ• C*C(C)C0. + 0
k3	 C*C(C)CQ• --> C*C(C)C•Q
k-3	 C*C(C)C•Q C*C(C)CQ•
kd 	 C*C(C)C•Q C*CICC*O+OH
k5
	C*C(C)CQ• -> C*C(C•)CQ
k- 5
	C*C(C•)CQ --> C*C(C)CQ•
k6	 C*C(C•) CQ C*CYCCOC+ OH
k7	 C*C(C•)CQ C*C*C + C. H200H
kg 	 C*C(C)CQ• -> CCYC•COOC
k-8
	CCYC•COOC -> C*C(C)CQ•
k9
	CCYC•COOC CCYCC•00C
k9 	 CCYCC•00C CCYC•COOC
k 10
	CCYC•COOC CC(C0•)C0
k- 10
	CC(C0•)C0 --> CCYCC•00C
k11
	CCICO•C*0 -> CC•C*0 + CH 2O
A
(s-I or cc/mol-s)
Ea
(kcal/mol)
3.60E12 0
2.04E13 18.29
9.79E13 59.8
1.65E13 37.63
6.36E13 40.23
6.26E13 1.0
3.21E11 12.6
3.56E11 12.6
5.38E10 26.76
7.52E13 56.50
4.66E11 31.0
2.90E13 33.83
1.40E14 39.68
8.19E13 42.13
3.49E12 3.0
4.66E11 49.38
6.74E12 12.04
geomeinc mean irequency krrom	 ii)
<v> 250.2cm-1 , 1085.2cm-1 , 2775.4cm-1
Lennard-Jones parameters: cr = 5.5471A°, c/k = 584.86 K
k1	 Form Atkinson et. al.
k- 1
	Via k l
 and <MR>, Ea = AHrxn RTm
k2	 Via k-2
 and<MR>
k-2	 k-2 base on 0 + CH 3O, k-2 = 2.0e13
k3
	A estimated using TST, loss of one rotors, gain of one OI, two equivalent H's, Ea
evaluated from ring strain (26) + Ea abstraction (11.63)
k-3
	Via k3
 and <MR>
k4	 Via k-4 and <MR>
k-4
	
k-4 base on 1/2 ( OH +C2H4 )
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Table A.16 (cont'd)
k5
	A estimated using TST, loss of three rotors,; gain of one OI, three equivalent H's,
Ea evaluated from ring strain (0.1) + Ea abstraction (12.5)
k-5
	Via k5 and <MR>
k6	 A esitmated using TST. loss of 3 rotors , Ea estimated in this study.
k7
	Via kg
 and <MR>
k-7
	A = 1.66E1 1, estimated from 1/2 (C 2H4 + CH3), Ea = 7.7
kg
	A estimated using TST, loss of two rotors, Ea estimate in this study.
k-8
	
Via kg and <MR>
k9
	A estimated using TST, four equivalent H's, Ea evaluated from ring strain (28.0) +
Ea abstraction (11.68)
k-9
	Via k9 and <MR>
k10 	 Via k- 10 and <MR>
k- 10
	A estimated using TST, loss of two rotors, one equivalent H's, Ea evaluated from
ring strain (3.0) + AHrxn (4 1.8 1)
k11
	
A = 3.3E11, estimated from (C2H4 + CH3), Ea = 7.7
k12	 A estimated in this study, Ea= ring strain + 1/2(1,6Encril) + 6
k13	 Via k- 13 and <MR>
k- 13
	A = 3.3E1 1, estimated from (C2H4 + CH3), Ea = 7.7
k14	 A estimated using TST, loss of two rotors, Ea estimate in this study
k15	 Via k-16 and <MR>.
k- 15
	A estimated using TST, loss of three rotors and one OI, Ea estimate in
this study
k16	 Via k- 17 and <MR>.
k- 16
	Base on CO + CH30, k-17 =1.6E1 3
geometric mean frequency (from CP1 ,n)
<v> 250.9cm-1 , 1109.7cm-1 , 2777.4cm-1
Lennard-Jones parameters: a = 5.5471A°, = 584.86 K
k1 	Estimated A 1=2.0E13, Ea 1=0,
lci Via k1 and MR, Ea..1= AHrxn - RTm
k2
 Base on C2COOH C2CO. + OH. (92 BAU/COB)
geometric mean frequency (from CPFIT)
<v> 100.3cm
-1 , 1038.0cm-1 , 2858.4cm-1
Lennard-Jones parameters: cy = 5.8569A°, c/k = 632.06 K
k1	 From Atkinson et al.
lc-1	 Via k 1 and <MR>, Ea t= AHrxn - RTm
k2 	 A2 estimated using TST, loss of two rotors, gain of one CIL
six equivalent H's, Eat evaluated from ring train (6.3) + AHrxn (12.90)
+ Ea abstraction (8.20)
k-2	 Via k2 and MR, Ea_2= AHrxn - RTm
Table A.18 Input Parameters for QRRK Calculation: C*C(C)CO• -4 Products
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Reaction
k1	 C*C(C)CO• C*CICC*0 + H
k2
	C*C(C)CO• CC•*C + CH20
A	 Ea
(s-1 or cc/mol-s) 	 (kcal/mol)
1.84E13	 14.06
2.62E13	 29.55
geometric mean frequency (from CPFIT)
<v> 468.5cm
-1 , 1549.9cm-1 , 3526.8cm-1
Lennard-Jones parameters: a = 5.1983A°, 	 = 533.08 K
k1 	 Via k. 1 and MR, estimated A. 1=1.0E13, Ea-1=3.
k2
	A2 via A-2 and MR, estimated Ea 2 = AHrxn + Ea-2,
A2 = 1.66E11, from 1/2(C 21-14 + CH3) , Ea..2 = 7.7
geometric mean frequency (from CPFIT)
<v> 100.3cm-1 , 1038.0cm-1 , 2858.4cm-I
Lennard-Jones parameters: cr = 5.8569A°, Elk = 632.06 K
k1	 From Atkinson et al.
Ici	 Via k 1 and MR, Ea t= AHrxn - RTm
k2 	 A2 estimated using TST, loss of three rotors, gain of one CM,
six equivalent H's, Eat evaluated from ring train (0.1) + AHrxn (12.90)
+ Ea abstraction (8.20)
ic2	 Via k2 and <MR>, Ea_2= AHrxn - RTm
k3
	Via k3
 and <MR>, Ea.3= AHrxn - RTm
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Table A.21 Input Parameters for QRRK Calculation:
C*C(C)Q C2•C*0 + OH
Reaction	 A	 Ea
( s-1 or cc/mol-s) 	 (kcallmol)
k 1
	C*C(C)Q C2•C*0 + OH	 4.05E15	 15.81
geometric mean frequency (from CPFIT)
<v> 250.1cm-1 , 1090.9cm-1 , 2881.2cm-1
Lenard-Jones parameters: a = 5.5471A°, c/k = 584.86 K
k 1
	A1=4.05E+15, from C200H —> C2C0•+OH (92 BAL/COB); Ea t = dHrxn - RTm
Input Parameters for QRRK Calculation:
C2•C*0 C*C*0 + CH3
Reaction	 A	 Ea
s--1 or cc/mol-s)	 (kcallmol)
k	 C2•C*0 C*C*0 + CH3 	 1.11E13	 40.51
geometric mean frequency (from CPU!)
<v> 250.1cm-1 , 1090.9cm-1 , 2881.2cm-1
Lennard-Jones parameters: a = 5.5471A°, c/k = 584.86 K
k 1 	 Al via A l and MR, Ea. i = A.Hrxn + Eal
k-1	 Base on C=C-C + CH3, A 1 =1.19E11, Ea_ 1=8.191
Figure B.2 The Important Reaction Pathways
Figure B.I The Important Reaction Pathways
Figure B.3 Comparison of Model Calculation to Experimental Data
of Walker et al. for C3C. + 02 ---> Products
Figure B.4 Comparison of Model Calculation to Experimental Data
of Walker et al. for C2.C*C + 02 ---> Products
11. 1
unit in kcal/mole
Figure B.5 Potential Energy Diagram for C3C. 	 > C2C*C H
Figure B.6 Potential Energy Diagram for C3C.+ 02 ---> Products
Figure B.7 Results of QRRK Calculation for C3C. + 02 ---> Products
Figure B.8 Results of QRRK Calculation for C3C. + 02 --> Products
Log 1. a-urn)
Figure B.9 Results of QRRK Calculation for C3C. + 02 ---> Products
Figure B.10 Results of QRRK Calculation for C3C. + 02 ---> Products
Figure B.11 Potential Energy Diagram for C2C*C + H02 ---->Products
Figure B.12 Results of QRRK Calculation for C2C*C + H42 ---> Products
Figure B.13 Results of QRRK Calculation for C2C*C + OH ---> C2C.COH
C- OH -26.1
unit in kcal/mole
Figure 8a. Potential Energy Diagram for C2C*C + OH <=> [ C2C.COH ]*
<=> [C3.COH 1*
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Figure 8b. Potential Energy Diagram for C2C.COH + 02 ---> products
C3.COH + 02 ---> products
1 	 2 	 3 	 4
1000 K / T
Figure B.16 Results of QRRK Calculation for C2C.COH + 02 --> Products
Figure B.17 Results of QRRK Calculation for C3.COH + 02 ---> Products
unit in kcal/mole
Figure B.18 Potential Energy Diagram for C3C. + H02 ----> Products
Figure 13.19 Potential Energy Diagram for C3CO. ----> C2C*O + CH3
Figure B.20 Potential Energy Diagram for C3C. + C3C00. ---->Products
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Figure B.21 Potential Energy Diagram for C2C*C + C3C00. ---->Products
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FigureB.22 Potential Energy Diagram for C3.CCC3 +02 ----> Products
Figure B.23 Potential Energy Diagram for C2 .C*C + 02 ---> Products
Figure B.24 Potential Energy Diagram for C 2 .C*C + 02 ---> Products
60
Figure B.25 Analysis of Correlation Factor of PM3-Determined Enthalpies to
Experimentally Determined Enthalpies
Experimentally-Determined Enthalpy Data (kcal/mol)
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Figure B.26 Potential Energy Diagram for C2.C*C+ HO2 ----> C*C(C)CO. + OH
Figure B.27 Potential Energy Diagram for C*C(C)CO. ----> Products
Figure B.28 Potential Energy Diagram for C3.COOH + 02 ---->Products
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Figure B.29 Potential Energy Diagram for C2C.COOH + 02 ---->Products
C-C=0 + OH
/ 	
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Figure 13.30 Potential Energy Diagram for C*C(C)Q ----> C2.C*O + OH
Figure B.31 Potential Energy Diagram for C2.C*O ----> C*C*0 + CH3
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